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ABSTRACT: Queue is an important data structure that has wide ranging applications. In this paper, 
we examine various operations of queues where we focus on numerous approaches to enter as well 
as delete elements and also display the contents of a queue. There are two major methods to 
implement queues, using arrays or linked lists. The benefits of these techniques are discussed along 
with their algorithms for the linked list implementation of queues. The major application of queues is 
in the scheduling of processes. Different scheduling algorithms have been designed with varying 
benefits. A brief overview of a few conventional algorithms is provided following which we 
implement two types of round robin algorithms using queues. The simple round robin algorithm 
makes use of a static time quantum while the smart round robin incorporates a dynamic time 
quantum. These algorithms are compared for different values of burst times of processes so as to 
show the effectiveness of smart round robin algorithm. 
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INTRODUCTION 
e enqueue() - To insert a component to the 

Queues are a really important data structure queue 
that works on the FIFO (First In First Out) e dequeue() - To delete a component from 
principle. They are linear, non-primitive the queue 
systems that perform insertion and deletion e display() - To display the contents of the 
operations at the same end. Here, data elements queue 
are saved in a sequential manner where each 
element is connected to its preceding and In order to make these queue operations 
subsequent element. Queues are further more efficient, the following functions are also 
classified into various types such as simple used: 


queue, circular queue and priority queue. These 
different forms have their own advantages and 
can be utilized in different scenarios according 
to the need of the programmer [1]. 


e peek() - returns the element at the front of 
the queue 

e isfullQ) - checks if the queue is full 

e isempty() - checks if the queue is empty 


Arrays as well as linked lists are used for 
implementing queues. However, the 
employment of arrays often results in excessive 
wastage of memory. Linked list, being a 
dynamic data structure, does not put a 
restriction on the size of the queue and hence is 
more widely used for the same [2]. The defining 
of a queue followed by its usage are some 
operations on queues. After its use, the queue is 
removed from memory. These operations are 
regularly described as follows: 


Here we _ focus on _ the _ linked list 
implementation of queues. First, we define a 
structure node with a member data to store the 
content and a node pointer next which points to 
the subsequent node. The implementation of 
queues consists of the usage of two pointers 
with the names front and rear. The node 
inserted initially is pointed to by front and rear 
is employed to point to the node inserted at the 
end. The queue is empty if the value of front or 
rear is NULL. This condition is checked with 
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the is empty() function[1]. 

The function of inserting an element to a 
queue is referred to as enqueue and the 
function to delete an element is termed 
dequeue. The algorithms for these functions in 
forming a simple queue have been given below 
[1]. 


Enqueue() function: 


struct node 

{ 
int index,tat,wt,bt1,bt2; 
struct node* next; 


35 


typedef struct node* NODE; 


NODE enqueue(NODE q, int bt,int index) 

{ NODE temp,cur,prev; 
temp=(NODE)">| 0° (sizeof(struct node)); 
temp->bt1=bt; 
temp->bt2=bt; 
temp~->index=index; 
temp->next= is 


Step 1: Create a new node named temp with the 
given value by setting temp->data=value. 

Step 2: Check if the queue has any elements by 
means of the isempty () function. 

Step 3: if (isempty ()==TRUE), queue has no 
elements, set front=temp && rear=temp. 

Step 4: else set rear->next=temp, followed by 
rear=temp 


if (q== ) //to check if queue is empty 


return temp; 


if (bt<=q->bt1) //to check if the new entry has burst time Less than the first node 


temp- >next=q; 
return temp; 


} 


prev= 5 
cur=q; 
while(cur! = &&bt>cur->bt1) 
{ 
prev=cur; 
cur=cur->next; 
} 
prev->next=temp; 
temp->next=cur; 
return q; 


Figure 1 A sample code for enqueue function 


NODE dequeue(NODE q,int index) 
{NODE var,prev; 
var=q; 


if(q->index==index) //to check if the first element is to be deleted 


q=q->next; 
free(var); 
return q; 


} 


if(q->next== //if there is only one element in the queue 


free(var); 
return 


while(var->index! =index) 
{ 
prev=var; 
var=var->next; 
} 
prev->next=var->next; 
free(var); 
return q; 


Figure 2 A sample code for dequeue function 
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dequeue() function: 

Step 1: Check if there are elements within the 
queue by calling the is empty() function. 

Step 2: if (isempty()==TRUE), queue has no 
elements, return from the function. 

Step 3: else, define a node pointer with the 
name temp and initialize it, temp=front. 

Step 4: set front=front->next and remove temp 
by using free (temp). 


Display () function: 


void display(NODE g,int index) 
73+ { NODE var; 


var=q; 
(var- >index ! =index) 
var=var->next; 
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Step 1: Check if the queue has any elements by 
calling the is empty() function. 

Step 2: if(isempty()==TRUE), queue has no 
elements, exit the function. 

Step 3: else, define a node pointer named temp, 
making it point to front, temp=front. 

Step 4: while(temp->next!=NULL) 

Display the contents of the node temp and use 
temp=temp->next to maneuver to the following 
node. 

Step 5: In the end, display temp->data and 
terminate. 


( » index, var->bt2, var->tat, var->wt); 


Fig 3: A sample code for display function 


A major assumption done while forming these 
algorithms is that the queue will never be full. 
This benefit can be attained only by using linked 
lists as they use dynamic memory allocation.|21 
However, the number of elements is often 
restricted in the linked list by specifying the 
quantity of elements in the beginning as SIZE 
and using the is full() function to test the 
condition if ((rear == SIZE-1 && front == 0) || 
(rear == front-1)) for circular queues and (rear 
== SIZE-1) in linear queues. Moreover, since we 
know the exact position of adding and removing 
an element, the time complexity will be O(1) for 
both enqueue and dequeue[3]. 

Queues have wide ranging applications in 
today’s world. From being used for routers and 
switches in networking to maintaining the 
playlist in media players, the concept of queues 
has proved highly beneficial. They are also used 
in handling website traffic and hardware or 
real-time system interrupts. The concept of 
semaphores as well as that of I/O scheduling 
makes use of various queue _ operations. 
However, the major use of queues lies in the 
process scheduling of an operating system [4]. 
Process scheduling can be performed in 
different ways and various algorithms are 
adopted for scheduling depending on the no. of 
processes waiting to be executed and execution 
time of every process [5]. Common scheduling 
algorithms include Shortest Remaining Time 
First (SRTF) algorithm, First Come First Served 
(FCFS) algorithm, Round Robin Scheduling 


algorithm and Priority based Scheduling 
algorithm. The algorithms are compared for 
various sorts of processes having different burst 
times (time required for a process to execute on 
the CPU) and their average waiting and average 
turnaround times are calculated [6]. 

The ready queue consists of all the processes 
which are waiting to be executed on the CPU. 
Turnaround time is that interval from the 
instant a process has been submitted to the 
ready queue till its competition. The CPU 
scheduling algorithm doesn’t affect the quantity 
of your time during which a procedure is being 
executed. Only the quantity of time that a 
process must wait within the ready queue is 
affected. Sum of such phases spent waiting 
within the ready queue is known as the waiting 
time. The average of the turnaround and 
waiting times of all the processes are denoted as 
Average Turn Around Time (ATAT) and 
Average Waiting Time (AWT) respectively [7]. 
Here is a basic overview of some scheduling 
algorithms. 

First Come First Serve (FCFS): It’s one of the 
simplest algorithms of CPU scheduling where 
arrival times are used as a parameter for 
execution. The process to be executed first is the 
one which arrives first. The AWT and ATAT 
produced are usually quite high [8]. 

Shortest Job First (SJF): Here, job execution is 
carried out according to the burst times. 
Basically, a process that is completed earlier has 
a shorter burst time. However, SJF causes 
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processes having longer burst times to undergo 
starvation [9]. 

Priority Scheduling: This method of job 
scheduling is based on the priorities assigned. 
The processes executed earlier are the ones 
having higher priorities, while jobs having 
similar priorities are executed on a FCFS or 
Round-Robin basis. This algorithm often leads 
to indefinite waiting of low priority processes. 
This scheduling algorithm generally uses 
priority queue in its implementation [10]. 


2. EXPERIMENTAL METHODS 
2.1 Round Robin Scheduling 

The Round Robin algorithm executes jobs for 
specific quantities of time called time quantum. 
Thus, identical time quantum slots will be 
allotted to all arriving processes. Processes 
having their burst times greater than the time 
quantum will be interrupted and moved 
towards the end of the ready queue while the 
following process in the queue gets executed. 
Thus, the starvation of processes is eliminated 
[11]. Nevertheless, the value of time quantum 
majorly determines the efficiency. A large value 
of the time quantum will make it behave as a 
FCFS algorithm whereas a small value for the 
time quantum will result in increased no. of 
context switches [12]. 

Based on the value of the time quantum 
various modifications of the round robin 
algorithm have developed. Here, we will initially 
target the traditional round robin algorithm and 
then implement a smart round robin algorithm 
using queue data structure. This will allow us to 
compare the efficiency of each of the algorithms 
with regard to their turnaround and waiting 
times. Both these algorithms are coded with the 
help of linked list implementation of queues. 
Before diving into the algorithms, it is important 
to note the assumptions made. The most 
important one is that all processes are assumed 
to arrive at the same time. The priority of 
processes is additionally not being considered 
here. Moreover, various operating system issues 
like context switching overhead are ignored 
during the calculation of various statistics. It is 
also necessary to understand the burst time of 
each process beforehand, which may not always 
be feasible [11]. 


2.1.1 Simple Round Robin 
The first algorithm is the simple round robin 
where a variable quant is entered by the user. 
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Processes that have their remaining burst time 
less than quant’s value get executed. But if that 
condition is not satisfied, the process gets 
executed for a period of quant, following which; 
execution is given to the ensuing process within 
the queue [13]. The algorithm uses enqueue 
operation of queues to store the information of 
processes and it uses dequeue operation to 
remove a process from the ready queue when 
its execution is complete. 

Step 1: Enter the no. of processes (NOP) along 
with their burst times (bt). 

Step 2: Store the burst times in a ready queue ‘q’ 
by using the enqueue function, enqueue(q, bt, 
index). 

Step 3: Enter the value of time quantum quant. 
Step 4: if (NOP>0), go to step 5. 

else go to step 7. 

Step 5: Check if remaining burst time (RBT) <= 
quant. if yes, the process gets executed 
completely. Otherwise, it is executed for a time 
period quant. 

Step 6: if (RBT==0), display the details of that 
process, display(q, index) and remove the 
process from the queue, dequeue (q, index). 
Step 7: Calculate AWT and ATAT of all the 
processes. 


2.1.2 Smart Round Robin 

The second algorithm is known as smart 
round robin algorithm. The major difference 
between the two algorithms lies in the way the 
time quantum is calculated. Smart round robin 
uses a dynamic time quantum that improves its 
efficiency. Here, processes are entered into the 
ready queue with the assistance of a modified 
enqueue function that stores values according 
to the increasing order of their burst time. The 
value of quant is estimated for every cycle of 
traversal of the list of processes and is equal to 
the average of the differences between the 
adjacent burst times. A variable delta is equated 
to half the value of quant. The Remaining Burst 
Time (RBT) of a process is the time it further 
needs in order to complete its execution and 
this value keeps reducing after each cycle. 
Processes that can complete their execution 
within (quant + delta) time, that is, the 
processes that have their RBT within (quant + 
delta) time are allowed to attain completion. 
This permits tasks with very little remaining 
time to complete their execution instead of 
waiting for an entire cycle to acquire necessary 
CPU time [14]. 
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Read the no. of 
START —»/ processes into 
NOP 


vy 

Input their burst time and 
index into queue q 
enqueue(q,bt,index) 


False 


times=times+RB 
NOP=NOP-1 

display(q,index) 

dequeue(q, index) 


times=times+ 
quant 


Calculate average 
waiting and 
turnaround time 


Display average 
waiting and 
turnaround time 


STOP 


Figure 4 Flowchart for simple round robin algorithm 


int main() 


NODE q , temp; 
int NOP,i,j,bt, sum=0, qu 
float avg_wt=0, avg tat 


( 
("ed", &NOP); 


int y = NOP; 


("ad", &bt); 
q=enqueue(q, bt,i+1); 


, &quant) ; 


(temp- >bt1<=quant) 
{ 
sum=sum+temp->bt1; 
temp->wt=sum-temp->bt2; 
temp->tat=sum; 


avg_tat=avg_tat+temp->tat; 
avg_wt=avg_wt+temp->wt; 
display(q,temp->index) ; 


Figure 5 Main functions for simple round robin algorithm 
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Step 1: Enter the no. of processes (NOP) and the 
burst time (bt) of each process. 

Step 2: Store the burst times in a ready queue ‘q’ 
such that processes’ burst times are in an 
increasing order, by using the modified enqueue 
function, enqueue(q, bt, index). 

Step 3: if(NOP>0), calculate the value of quant 
as average of difference between adjacent 
remaining bt. delta =quant/2. 

else go to step 6 


/ /Read the no. of 
START  \-»’ processes into } 
\ J / NOP | 


————— 
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Step 4: Check if remaining burst time (RBT) <= 
quant + delta. if yes, the process gets executed 
completely. 

else, process is executed for a time period of 
quant. 

Step 5: if (RBT==0), display the details of that 
process, display(q, index) and remove the 
process from the queue, dequeue(q, index). Go 
to step 3. 

Step 6: Calculate AWT and ATAT of all the 
processes. 


put their burst times 
/ and store them in an 


ordered queue 


/ 


C 


= 


True ’ 


) difference 
sum=sum+RBT between 


NOP=NOP-1 


A c 
i 


\ 
ia 


Calculate average 
waiting and 
turnaround time 


Sry 
Compute the ’ 


adjacent RBT 


fe 
True If RBT<= False 
quant+delta_/ 


/ enqueue(q,bt,index) 


at 


Quant = average of 
difference between 


| RBT. delta=quant/2 
: 


ay 


sum=sum+ 
quant 


| 
y 


7 

Diels average 
waiting and 

[ turnaround time / 


/ 


fr 
{ STOP 


te 


} 


Figure 6 Flowchart for smart round robin algorithm 


3. RESULTS AND DISCUSSION 


The code for the above algorithms has been 
executed on the GDB platform using C language 
to obtain the following data. All timings taken 
within the test cases are in milliseconds (ms). 
Case 1: Small burst times 

In case 1, we consider small burst instances 
for all of the four processes. A time quantum of 


2 ms is taken into consideration for the simple 
round robin algorithm. The outcomes are 
shown in the table below. 

It can be observed that the average waiting and 
turnaround time in the smart round robin 
algorithm is lesser than the results obtained 
from the conventional methods. 
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((smart->bt1-q->bt1)%(y-1)==0) 
quant=(smart->bt1-q->bt1)/(y-1); 


quant=(smart->bt1-q->bt1)/(y-1)+1; 
delta=quant/2; 


(temp ) 


(temp->bt1<=quant+delta) 


sum=sum+temp->bt1; 
temp->wt=sum-temp->bt2; 
temp->tat=sum; 


avg_tat=avg_tat+temp->tat; 
avg_wt=avg_wt+temp->wt; 
display(q,temp->index) ; 


NODE extra=temp; 
temp=temp->next; 
q=dequeue(q,extra->index) ; 
Vous 


sum=sum+quant; 
temp->bt1=temp->bt1-quant; 
temp=temp->next; 


» avg_tat/NOP); 
» avg_wt/NOP); 


Figure 7 Main functions for smart round robin algorithm 


Table I: Case 1: Small Burst Times 


P1 6 8 8 
P2 3 7 10 1 4 
P3 1 4 5 0 1 
P4 4 8 12 10 6 


Simple RR 6.75 10.25 
Smart RR 3.75 7.25 


Table II: Gantt chart for Simple Round Robin 


P1 P2 P3 P4 P1 P2 P4 P1 
0 2 4 5 7 9 10 12 14 


Initial Sorted Order in terms of Burst Time: P3, P2, P4, P1 


Initial Sorted Order in terms of Burst Time for Smart Round Robin: P3, P2, P4, P1 


Table III: Gantt Chart for Smart Round Robin 


P3 P2 P4 P1 P4 P1 P1 
0 1 4 6 8 10 12 14 
quant=2 quant=2 quant=2 
delta=1 delta=1 delta=1 
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Small Burst Times 


12 
10 
8 
6 
4 
> Ei 
0 
AWT ATAT 


m Simple Round Robin) Smart Round Robin 
Fig 8: Graphical Comparison for Small Burst Times 
Case 2: Large burst times 


In the second case, we consider the burst times to be large. We assume a time quantum of 45 ms for 
the jobs and acquire the statistics of waiting and turnaround times. 


Table IV: Case 2: Large Burst Times 


Process | Burst | Simple RR Smart RR 
Time | wt | TaT | wT | TAT 
P1 35 0 35 74 109 
P2 74 151 | 225 | 178 | 252 
P3 26 80 106 64 90 
P4 89 180 | 269 | 186 | 275 
P5 51 224 | 275 | 125 | 176 
Algorithm AWT ATAT 
Simple RR 127.00 182.00 
Smart RR 125.40 180.40 


Table V: Gantt chart for Simple Round Robin 


Pl P2 P3 P4 P5 P2 P4 P5 
0 35 80 106 151 196 225 269 275 


Initial Sorted Order in terms of Burst Time for Smart Round Robin: P3, P1, P5, P2, P4 


Table VI: Gantt chart for Simple Round Robin 


P3 P1 P5 P2 P4 P3 Pl P5 P2 

0 16 32 48 64 80 90 109 | 125 141 
quant=16 quant=16 
delta=8 delta=8 

P4 P5 P2 P4 P2 P4 P2 P4 P4 
141 176 195 214 229 244 252 | 267 275 
157 quant=19 quant=15 quant=15 

delta=9 delta=7 delta=7 


The results obtained show the efficiency of the smart round algorithm in comparison to the simple 
algorithm. 
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Large Burst Times 


ATAT 


200 


100 

50 

0 
AWT 


m@ Simple Round Robin 


@ Smart Round Robin 
Fig 9: Graphical Comparison for Large Burst Times 
Case 3: Random values 


Here, we consider a random set of numbers that vary over a wide range. A time quantum of 10 ms is 
assumed for the traditional algorithm. 


Table VII: Case 3: Random Burst Times 


Process | Burst | Simple RR Smart RR 
Time | wt | TAT | wT | TAT 

P1 12 25 37 0 5 
P2 34 47 81 38 72 
P3 5 20 25 5 17 
P4 67 51 118 51 118 
Algorithm AWT ATAT 
Simple RR 35.75 63.25 
Smart RR 23.50 53.00 


Table VIII: Gantt chart for Simple Round Robin 


Pl P2 P3 P4 Pl P2 P4 
0 10 20 25 35 37 47 57 

P2 p4 P2 P4 P4 p4 P4 
5767 77 81 91 101 111 118 

Initial Sorted Order in terms of Burst Time for Smart Round Robin: P3, P1, P2, P4 
Table IX: Gantt chart for Smart Round Robin 
P3 Pl P2 p4 P2 p4 

0 5 17 38 59 72 118 

quant=21 quant=33 

delta=10 delta=16 


Initial Sorted Order in terms of Burst Time: P3, P1, P2, P4 


The output here too shows the benefits of the smart algorithm. There is a drastic reduction in the 
average values attained following the execution of the two processes. 
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Random Burst Times 
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m@ Simple Round Robin 


ATAT 


m Smart Round Robin 


Fig 10: Graphical Comparison for Random Burst Times 


3.1 ANALYSIS 


The data obtained from above clearly shows 
the efficiency of smart round robin algorithm. 
Different burst times are used to test the 
algorithms. In every case, the reduction in the 
turnaround and waiting time is visible. This 
time saving is highly beneficial as it prevents 
wastage of the CPU time. 


4. CONCLUSION 


This study compares two primary variants of 
round robin scheduling and discusses several 
scheduling procedures. The algorithms were 
programmed with linked list implementation of 
queues. Both the algorithms were compared for 
different burst times of different processes and 
their statistics obtained led to the conclusion 
that the smart round robin algorithm yields 
better results than its traditional counterpart. In 
fact, smart round robin has also proven to be 
superior to some other conventional methods 
such as SJF or FCFS, as it more often than not 
prevents starvation. 

As these algorithms use queues, they are 
easier to construct because they follow a 
straightforward FIFO technique. Unlike the 
array approach, queues are built using a linked 
list, which does not limit the number of 
processes. Furthermore, the design of queues 
with the help of linked lists saves space and 
reduces memory waste. We have also utilized 
two alternative enqueue operations, one that 
stores the data on a first come basis and the 
other that stores it in an ascending order 
depending on a particular field, thus forming an 
ordered queue. The dequeue operation too is 
modified to delete the desired process rather 
than the first job in the ready queue, which is 
usually the approach in the traditional dequeue 
functions. 


There is still scope for further enhancement by 
considering the arrival times of different 
processes and even allotting those priorities. 
Moreover, the memory utilization by linked lists 
is more and they take more time for traversal. 
Thus, an increased number of context switches 
might be a major issue. To add to this, it is not 
possible to directly access a process using the 
linked list implementation of queues. Hence, the 
future scope is vast but currently, considering 
the analysis done for various test cases, the 
smart round robin algorithm with linked list 
queue implementation is a better approach for 
process scheduling than the simple round robin 
algorithm. 
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